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Sensor-based
Nitrogen Fertilization
for Midseason Rice
Production in
Southeast Missouri

•Sensor-basedNmanagementusedwithanitrogenrichstripwasaveryeffectivedecisionsupporttool
formidseasonNmanagement.
•Sensor-basedNmanagementprovidedopportunity
totakeadvantageofyear-to-yearenvironmental
variation.

Abstract
Sensor-based nitrogen (N) decision management tools have shown
potential to improve N fertilizer efciency, yield, and protability.
Small-plot experiments were conducted to evaluate the use of sensor-based management in guiding midseason N application decisions. Treatments were two rice (Oryza sativa L.) cultivars (Jupiter,
a medium grain, and Roy J, a long grain) and eight N treatments:
(i) check (no N fertilizer); (ii) 60 lb N/acre applied preood + midseason N applied based on sensor reading (sensor-based management); (iii) 90 lb N/acre applied preood + midseason N applied
based on sensor reading (sensor-based management); (iv) 120 lb
N/acre applied preood; (v) 120 lb N/acre applied preood + 30 lb
N/acre applied at midseason (traditional practice); (vi) 120 lb N/acre
applied preood + midseason N applied based on sensor reading
(sensor-based management); (vii) 150 lb N/acre applied preood;
and (viii) 180 lb N/acre applied preood (N reference strip). Grain
yield and nitrogen use efciency (NUE) were compared among N
treatments. Results showed sensor-based management for midseason application recommended lower total N application rate by
15 to 90 lb N/acre over the traditional practice. These results indicate that N fertilization made by a sensor-based midseason recommendation can optimize yield and NUE in southeast Missouri.

T

he optimal amount of N fertilizer required for rice crops may
change dramatically from year to year. This is due to varying
level of plant-available N in soil system through N turnovers from
N-xing organisms, mineralization of organic maer in the soil,
and decomposition crop residues. In fact, most producers are aware
that their yield levels change signicantly, but they are not aware
that the yield response to additional N changes as well. Nitrogen
responsiveness and yield levels dictate precisely how much N
should be applied. Thus, what farmers need to embrace is that their
NUE changes each year as well.
In southeast Missouri, the common N management practice is to
apply most of the N (70– 120 lb N/acre) preood (Dunn et al., 2008).
Then a permanent ood is immediately established. The remaining N is applied based on the plant-N status at midseason. Determining the plant status can be very challenging for producers. To
ensure the plant has adequate N to optimize yield, most producers
often apply 30 to 45 lb N/acre at midseason via aerial application,
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Table A. Useful conversions.
To convert Column 1 to Column 2,
multiply by

Column 1
Suggested Unit

Column 2
SI Unit

53.75

46 lb to bushel per acre, bu/acre

kilogram per hectare, kg/ha

1.12

pound per acre, lb/acre

kilogram per hectare, kg/ha

0.304

foot, ft

meter, m

2.54

inch

centimeter, cm

which can be costly. However, recent research from the University of Arkansas indicates that newer cultivars do not
always respond to midseason N when adequate amount of
preood N have been applied (Norman et al., 2013).

Therefore, two small-plot experiments were set up to evaluate the use of the GreenSeeker (Ntech Industries, Inc., Ukiah,
CA) in guiding midseason N decisions. The result from this
study is limited to southeast Missouri, but could have broader
application in other rice growing areas. Extrapolation of these
results outside of the context of the experiment should be done
with caution. Our goal was for these results to be used as a
decision support guide to assist producers in working out their
own N management strategies within southeast Missouri.

Study Site
Each small-plot eld experiment was conducted in 2015
and 2016 at the Missouri Rice Research Farm (36°34¢15.04² N,
90°7¢49.12² W [2015]; 36°34¢28.42² N, 90°7¢34.64² W [2016]) in
Glennonville located in southeast Missouri. The soil series
for each experiment was an Overcup silt loam (ne, smectitic,
thermic Vertic Albaqualf). Average monthly temperature and
rainfall were 76.1°F and 20.47 inches from May to September
in 2015 and 76.1°F and 19.05 inches for the same period in 2016.
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Crop management practices are summarized in Table 1. The
experimental design was a randomized complete block with
three replications. Two rice cultivars (Jupiter, a medium grain,
and Roy J, a long grain) and eight N treatments were applied
to each cultivar. Nitrogen treatments consisted of 0, 60, 90, 120,
150, and 180 lb N/acre as a single preood application and with
or without a midseason application using urea (46–0–0). Table 2
summarizes the N treatments. Plots were established at a seeding rate of 90 lb/acre using a 7-inch-spacing Almaco no-till drill
(Almaco, Nevada, IA). Plot sizes were 5 ft wide by 12 ft long in
2015 and increased to 5 ft wide by 20 ft long in 2016. Midseason
N was applied at half-inch internode elongation (IE).

Data Collection
Grain yield and NUE were measured and used to evaluate
the benets of using the GreenSeeker sensor-based management approach as a tool for making midseason N decisions
compared with the traditional approach of xed preood
and midseason rates.

GreenSeekerSensorDataCollection
The GreenSeeker handheld optical reectance sensor that
uses active radiation from red and near-infrared band independent of solar conditions was used for this study. The
device has onboard software that calculates NDVI directly at
a rate of 10 readings per second. Sensor NDVI readings were
collected 23.6 inches above the rice canopy across each plot,
and average values were used to represent each plot. Sensor
readings were collected at panicle initiation.

EstimatingMidseasonNitrogen
UsingSensor
Midseason N application was estimated based on the N fertilization optimization algorithm developed by Raun et al.
(2002) using the GreenSeeker Handheld Crop Sensor Fertilizer Estimation Chart. Figure 1 outlines the procedure for
using the chart. The normalized rate value was obtained
by matching the average NDVI ref curve with corresponding
NDVI NT on the chart (Fig. 1). The average NDVI of the 180 lb
N/acre plots was used to represent the N-rich strip (NDVIref )
and the average NDVI of each of the N-treated plots was used
as NDVINT. The normalized rate value was multiplied by the
crop factor for rice of 233 for a maximum yield of 200 bu/acre
to determine the amount of N to apply. Because the sensor
readings were similar for the cultivars, NDVI ref and NDVI NT
were averaged across cultivars and N treatment. For example,
crop, for age
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Current approaches suggested for assisting farmers with midseason N fertilization in the upper Delta region are the use of
chlorophyll meters (Stevens, 1999) and plant area measurement (Dunn et al., 2008). Research has shown these methods
to be capable of providing measurements of crop biochemical
characteristics for estimating plant N status. They are often
very labor intensive, requiring a large sample size within a
eld. Research at Oklahoma State University helped develop
a sensor-based N management approach utilizing an N-rich
strip as a reference strip to provide information on the crop N
status (Zhang and Raun, 2006). This approach has led to the
development of a functional N fertilizer optimization algorithm that estimates midseason N requirement based on the
Normalized Dierence Vegetative Index (NDVI) measurements (Raun et al., 2002). The use of a sensor-based N management approach improved NUE, grain yield, and prot when
compared with the traditional N rate recommendation (OrtizMonasterio and Raun, 2007; Raun et al., 2002, 2005; Tubaña et
al., 2008; Xue et al., 2014). Clearly, a sensor-based approach
for managing midseason N for rice in the upper Delta region
adds an additional tool to the farmer toolbox for addressing
the challenge of managing N fertilization.

Experimental Design

Table 1. Characteristics of the experimental plot, cultural practices, date of application, and product applied for
the management of the rice crops.
Date of application
2015

2016

Product/cultivar/rate applied

Planting
Harvest
Previous crop
Fertilization
Preood N
Midseason N
Herbicide
Preemergence

1 May
2 Oct.
Soybean

28 Apr.
29 Sept.
Soybean

Cultivars: Roy J (long grain) and Jupiter (medium grain) at 90 lb of seed/acre

15 June
14 July

9 June
13 July

N (60–180 lb/acre) applied with 130–390 lb/acre urea
N (30–45 lb/acre) applied with 65–98 lb/acre urea

29 Mar./29 Apr.

Roundup PowerMax (glyphosate) at 26  oz/acre + Sharpen (saufenacil)
at 2  oz/acre + Invade (methylated seed oil) at 1% (v/v)/Command 3ME (clomazone)
at 13 oz/acre
Propanil at 3 lb/acre + Bolero (thiobencarb) at 3 pt/acre
Karate (lambda-cyhalothrin) at 10 oz/acre

Postemergence
Insecticide

27 July

6 June/27 July
28 July
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Cultural practice

Table 2. Nitrogen (N) application treatments of rice used in the study. Nitrogen fertilizer was applied preood
and at midseason using traditional and sensor-based recommendation.
Rate of N applied
2015
Treatment

Pre-ood†

2016

Mid-season‡

Total N

Pre-ood

Mid-season

Total N

————————————————————————————————— l b N/acre —————————————————————————————————
0
0
0
0
0
0
60
45
105
60
0
60
90
45
135
90
0
90
120
0
0
120
0
120
120
30
150
120
30
150
120
0
120
120
0
120
150
0
150
150
0
150
180
0
180
180
0
180

1
2§
3§
4
5¶
6
7
8

† Preood N applied at ve-leaf stage.
‡ Midseason N applied at half-inch internode elongation.
§ Midseason N application determined by sensor-based recommendation.
¶ Traditional practice with a predetermined preood and midseason N application rate.

in 2015, NDVI ref = 0.75 and NDVINT values for 60 and 90 lb N/
acre were both 0.6. Using the GreenSeeker Handheld Crop
Sensor Fertilizer Estimation Chart, 0.2 was used for the normalized ratio value and 233 for the crop factor, 0.2 × 233 = 46.6
kg N/ha (42 lb N/acre). The 42 lb N/acre was rounded up to 45
lb N/acre, which was applied at half-inch IE to the plots with
preood rates of 60 and 90 lb N/acre (Table 2).

NitrogenUseEfciency
Nitrogen use eciency was computed from the ratio of grain
yield and total amount of N fertilizer applied (Eq. [1]):

[1]

GrainYield
Grain yield was harvested from each plot using Winterstieger delta combine (Wintersteiger, Salt Lake City, UT).
crop, for age
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Harvested plot area was 5 ft wide by 12 ft long in 2015 and 5
ft wide by 20 ft long in 2016.

Statistical Analysis
Data were analyzed using the General Linear Model of SAS
(SAS Enterprise 9.4, 2016; SAS Institute Inc., Cary, NC), and
dierences among means were compared using Fisher’s
Protected LSD procedure at a P = 0.05 probability level. Data
were presented by year and cultivar to show the year-to-year
variation among treatments and between cultivars.

Sensor-based Nitrogen
Recommendation
The use of sensor-based N management approach resulted
in reduction of total N applied by 15 to 45 lb N/acre in 2015
and 60 to 90 lb N/acre in 2016 compared with the traditional
practice (Table 2).
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Grain Yield
2015
Cultivar ´ N rate did not interact to aect grain yield (Table
3). Grain yield was not aected by cultivar, but N rate did.
Thus, the main eect of N rate on grain yield will be presented. The lowest yield was observed from the unfertilized
plots; grain yield was signicantly lower than all N-fertilized
plots. This indicates a positive response to the application of
N fertilizer. However, among the fertilized treatments, there
were no dierences in yield between the traditional practice
and the sensor-based management approach. The lowest
yield among the fertilized plots was with the 60 lb N/acre
preood application. This was signicantly dierent from
the yields of plots with 0, 120, 150, and 180 lb N/acre preood
treatments (Fig. 2). In general, the sensor-based management
produced similar yield to the traditional practice, with an
average of 30 lb N/acre less.

2016
Similar to 2015, cultivar and N rate did not interact to aect
grain yield (Table 3). Grain yield was aected by cultivar and
the N rate independently. Thus, the main eect of cultivar and
N rate on grain yield will be presented (Table 4). The cultivar
Jupiter produced on average 20 bu/acre more grain than Roy J
(Fig. 3). Similar to 2015, the lowest grain yield was observed for
the unfertilized plots (Fig. 4). However, among the fertilized
treatments, there were no dierences in yield. As in 2015, the
sensor-based management again produced comparable yield to
the traditional practice, but with an average of 75 lb N/acre less.
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Table 3. Summary of statistical results for treatment
effects and interactions for rice cultivars and nitrogen
(N) treatments.
Year†
2015

2016

Source

GY

NUE

GY

NUE

Block
Cultivar (Cul)

NS‡
NS

NS
NS

NS
**

NS
***

N treatment (NT)
Cul ´ NT
CV

***
NS
8.7

***
NS
9.2

*
NS
4.9

***
***
4.3

* Signicant at 0.05 probability level.
** Signicant at 0.01 probability level.
*** Signicant at 0.001 probability level.
† GY, grain yield; NUE, nitrogen use eciency.
‡ NS, not signicant at the 0.05 level.

Nitrogen Use Efciency
2015
Cultivar ´ N rate did not interact to aect NUE (Table 3).
Nitrogen use eciency was not aected by cultivar, but
N rate did. Thus, the main eect of N rate on NUE will be
presented. The highest NUE of 1.7 bu/lb of N applied was
achieved with total applied N of 105 and 120 lb N/acre (Fig.
5). In general, sensor-based management resulted in higher
NUE compared with the traditional practice.

crop, for age
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Fig. 1. Procedure for using the GreenSeeker Handheld Crop Sensor Fertilizer Estimation Chart for estimating midseason N rate in rice. ac, acre; NDVIref, Normalized Difference Vegetative Index value for the nitrogen-rich strip;
NDVINT , Normalized Difference Vegetative Index value for the nitrogen-treated plots; NUE, nitrogen use efciency.
Source: http://www.farmworks.com/les/pdf/GreenSeeker%20HCS/GreenSeeker_FertilizerEstimationChart_9150001-ENG_Screen.pdf (accessed 6 Mar. 2014).

Table 4. Grain yield (GY) and nitrogen use efciency
(NUE) of rice by cultivar comparing traditional vs.
sensor-based N management. Nitrogen fertilizer was
applied preood and at midseason using traditional
and sensor-based recommendation.
Year
2015

Roy J

GY

NUE

total N (lb/acre)
0
120
120 + 30†

bu/acre
144
211
180

–
1.8
1.2

120 + 0‡
90 + 45‡
60 + 45‡

198
184
184

1.7
1.4
1.8

150
180

208
213
36

1.4
1.2
0.3

0
120

11
149
211

12.0
–
1.8

120 + 30†
120 + 0‡
90 + 45‡

203
200
200

1.4
1.7
1.5

60 + 45‡
150
180

181
214
216

1.7
1.4
1.2

22
6

0.2
7.0

0
120
120 + 30†
120 + 0‡

147
158
164
150

–
1.3
1.1
1.3

90 + 0‡
60 + 0‡
150

159
149
154
159

1.8
2.5
0.9
1.0

NS§
5

0.1
4.0

0
120
120 + 30†

155
176
176

–
1.5
1.2

120 + 0‡
90 + 0‡
60 + 0‡

182
177
177

1.5
2.0
3.0

150
180

175
175
13

1.0
1.2
0.1

4

3.0

LSD 0.05
CV
Jupiter

2016
Cultivar ´ N rate interaction eect on NUE was signicant
(Table 3). Thus, Jupiter (1.6 bu/lb of applied N) produced
more grain yield with less N compared with Roy J (1.4 bu/
lb of applied N). The highest NUE of 3.0 and 2.5 bu/lb of N
applied was achieved with 60 lb N/acre applied N to Jupiter and Roy J, respectively (Fig. 6). Similar to 2015, NUE was
higher with the sensor-based management for both Jupiter
and Roy J over the traditional practice (Table 4).

LSD 0.05
CV
2016

Roy J

Interpretation of Results
In both years of the study, the sensor-based N management
reported similar yields and higher NUE over the traditional
N management practice. Xue et al. (2014) also found similar
results from comparing farmers’ N management strategies
in China to that of a spectrally determined N topdressing
model (SDNT). They reported that the yields of the SDNT
strategy were either similar or beer with reduced N rates,
higher NUE, and superior net prot. Likewise, sensor-based
N management for midseason application also increased
NUE, grain yield, and net return on rice in Mississippi and
Louisiana compared with the traditional split application
approach (Tubaña et al., 2011; Xue et al., 2014).
Many farmers in southeast Missouri currently use a single
application of preood N at 100 to 150 lb N/acre to avoid expensive aerial applications of N at midseason (Dunn et al., 2008).
These results conrm that this application approach could be
maximizing NUE. Most farmers are knowledgeable about the
potential for N loss from single application. Single N application program increases the risk of N loss by volatilization from
surface application of urea before ooding and denitrication
after ooding that could result in lower yields. Compensating
for the loss that may occur from the preood N is the reason
many farmers choose to use a split application approach.

crop, for age
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Statistics

180
LSD 0.05
CV
2016

Jupiter

LSD 0.05
CV
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Fig. 2. Yield response of rice to different N treatments
in 2015. Treatment 120 + 30 is the traditional practice
of 120 lb N/acre preood followed by 30 lb N/acre
midseason application. The 90 + 45, 60 + 45, and 120
+ 0 are sensor-based management recommendations
for midseason application. Means followed by similar
lowercase letters are not signicantly different.

Cultivar Nitrogen rate

† Traditional practice with a predetermined preood and midseason N application rate.
‡ Midseason N application determined by sensor-based recommendation. Total N rate is preood + midseason, for example, 120 lb N/
acre preood + 30 lb N/acre midseason.
§ NS, not signicant.
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Fig. 3. Grain yield of rice cultivars Jupiter and Roy J in
2016.

Fig. 4. Yield response of rice to different N treatments
in 2016. Treatment 120 + 30 is the traditional practice
of 120 lb N/acre preood followed by 30 lb N/acre
midseason application. The 60 + 0, 90 + 0, and 120 +
0 are sensor-based management recommendations
for midseason application. Means followed by similar
lowercase letters are not signicantly different.

(2013) also found that a single preood application of 120 lb
N/acre application resulted in similar or higher yield than
when N was applied in split applications. According to Norman et al. (2013) application of midseason N at the beginning
of internode elongation (BIE) or even 7 days after BIE could
reduce N uptake and/or impact the grain yield as the rice
may be still taking up the preood N at the time of midseason application. Therefore, delaying the midseason N application beyond the half-inch IE could increase the benet of
the midseason (Norman et al., 2013).
One clear drawback to the sensor-based management
approach observed during this study was that it does not
provide a starting point for preood N rate. This could be a
challenge for producers deciding to utilize the sensor-based
approach. The use of preood soil sampling for N analysis to
determine preood N rate in combination with the sensorbased approach as a monitoring tool to determine the need
for midseason N could oer a solution to this concern.

Implication to Producers
Fig. 5. Nitrogen use efciency (NUE) of different N
treatments of rice in 2015. Treatment 120 + 30 is the
traditional practice of 120 lb N/acre preood followed
by 30 lb N/acre midseason application. The 60 + 45,
90 + 45, and 120 + 0 are based on sensor-based management recommendations for midseason application.
Means followed by similar lowercase letters are not
signicantly different.
The results from this study also raise concerns about the benet from the midseason N application on these cultivars. In
both years a single application rate of 120 lb N/acre maximized yield and NUE. The lack of response to midseason
N was also a concern for Norman et al. (2013). Norman et al.

6

of

7

The variation in N requirement and application rates in
2015 and 2016 is evidence demonstrating that sensor-based
tool do oer some advantage over the traditional practice to
guide midseason N management decision. The advantage of
the sensor-based management seems to be the ability to capitalize on environmental variability. For example, in 2015, 120
lb N/acre preood was required to maximize yield and NUE
while in 2016, 60 lb N/acre preood maximized yield and NUE.
This indicates that in 2015 rice crop was more responsive to
applied N fertilizer than in 2016. Many factors inuence the
crop response to N application each year, but N availability
to the plant is the most important. The responsiveness of the
rice crop could be a result of less plant-available N in 2015
than in 2016. Plant-available N increases in the soil system
through N turnovers from N-xing organisms, mineralization of organic maer in the soil, and decomposition of crop
crop, for age
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Fig. 6. Nitrogen use efciency (NUE) of different N
treatments by rice cultivar in 2016. Treatment 120 +
30 is the traditional practice of 120 lb N/acre preood
followed by 30 lb N/acre midseason application. The
60 + 0, 90 + 0, and 120 + 0 are sensor-based management recommendations for midseason application.
Means followed by similar lowercase letters are not
signicantly different.

residues. Thus, accounting for the amount of free N input
and the amount additional N needed to maximize yield and
NUE each year are critical.
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The ndings of this study suggest that lowering preood N
rates to 60 to 90 lb N/acre with sensor-based monitoring for
midseason could fully optimize yield and NUE. In addition,
the results show a strong indication that a single 120 lb N/
acre preood also maximized yield and NUE. The simplicity of this approach might will be more aractive to producers. However, even with the single 120 lb N/acre preood
approach, to take advantage of the environmental conditions
that dier every year the use of sensor-based management
decision support tool may be warranted. Nitrogen management is complex. The variation in the rice crop responsiveness to N fertilization in 2015 and 2016 was evident due to
environmental variation from year to year.

Dunn, D.D., G. Stevens, and J.A. Wrather. 2008. Managing midseason nitrogen on rice with plant area measurements. Univ. of
Missouri Ext. Publ. G4365. Univ. of Missouri, Columbia.

